The key factors affecting the population dynamics of mite pests on the moso bamboo (Phyllostaychs pubescens) in Fujian, China during different seasons were examined over a two-year cycle of bamboo growth from August 1996 to August 1998 using the methods of the grey sequence. The relative importance of temperature, relative humidity, rainfall and predation by predatory mites varied among species of mite pests, between years, among different seasons in the same year and among different stages of the same species.
Introduction
The phytophagous mites Schizotetranychus nanjingensis Ma & Yuan, Aponychus corpuzae Rimando and Aculus bambusae Kuang are regarded as important pests of the moso bamboo (Phyllostaychs pubescens) in Fujian province, China. Why do they occur in numbers reaching pest status? Which factor is the key one influencing their population dynamics? How do we analyze the key factor? This paper addresses these problems using the methods of the grey sequence.
The basic methods of the grey system was introduced in analyses of agricultural ecosystems by Deng (1987) in China. The grey sequence was used by Teng (1993) in the analysis of population dynamics of Panonychus citri (Koch). Liu et al. (1996) applied this method to the analysis of key factors from life table data of insects. Wu et al. (1996) applied the methods of the grey relational ordering to the analysis of natural enemies of Tetranychus cinnabarinus (Boisduval) in eggplant fields. Recently, the grey model was used to predict the tendency of population changes (Cai 1999) . The seasonal population dynamics of S. nanjingensis and A. corpuzae were analyzed using the methods of the grey sequence (Cai et al. , 2000 . In this paper, the relational ordering of the grey sequence is applied to analyze the key factors influencing the population dynamics of pest mites in bamboo forests in Fujian, China.
Material and Methods
The population dynamics of S. nanjingensis, A. corpuzae, A. bambusae and Typhlodromus bambusae Ehara were investigated for two years in Nanping bamboo forests, Fujian. Samples of five plants were taken every ten days. For each plant, 36 leaves from east, south, west, north, lower, middle, higher, interior, centre, exterior positions were taken and all mites on the leaves were counted under a dissecting microscope. Such ecological factors as temperature, relative humidity and rainfall were also collected from Sep.1996 to Oct.1998 in Nanping, Fujian.
The whole sample period was divided into nine periods according to four seasons (Spring, Summer, Autumn and Winter): (1). Sep. to Nov. 1996, (2) . Dec. 1996 to Feb. 1997 . Mar. to May, 1997, (4) . June to Aug. 1997, (5) . Sep. to Nov. 1997, (6) . Dec. 1997 to Feb. 1998 . Mar. to May, 1998, (8) . June to Aug. 1998, and (9) . Sep. to Oct. 1998 . There were 9 x 13 data for each period. The X factors were: x 1 temperature (average of ten days), x 2 relative humidity (%), x 3 rainfall (mm per 10 days) and x 4 Typhlodromus bambusae (number per 10 leaves). The Y factors were number of mites per 10 leaves: y 1 egg of S. nanjingensis, y 2 larva of S. nanjingensis, y 3 protonymph, deutonymph and adult of S. nanjingensis, y 4 population number of S. nanjingensis, y 5 egg of Ap. corpuzae, y 6 larva of A. corpuzae, y 7 protonymph, deutonymph and adult of A. corpuzae, y 8 population number of A. corpuzae, and y 9 population number of Ac. bambusae. In the first step, the sequences of ecological factors x 1-4 were chosen as reference sequences and those of factors y 1-9 comparison ones. In the second step, all data were made dimensionless by dividing by the initial datum in the sequence. In the third step, relational coefficients (ξ) between data (k) in the reference sequence j and the comparison sequence i were calculated as the following (Deng 1987): In the fourth step, the relational degree (r) among relational coefficients was calculated as the following:
Key factors had the highest values among four factors.
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Results

General description of bamboo development
The moso bamboo changes leaves every two years. The old leaves fall one after another in March. New leaves grow in April. The bamboo plants grow luxuriantly during April to the next April. Many bamboo shoots and plants appear in Winter and Spring. The period from April 1997 to April 1998 in this study site is called a big harvest year. However, from April 1998, all leaves were the old leaves and only a few bamboo shoots and a small number of new bamboo plants appeared in the following Winter and Spring. This period is called a small harvest year, including September 1996 to April 1997, and April to October 1998 in this study.
TABLE 1.
Average population densities of mites per 10 leaves on the moso bamboo and four ecological factors in Autumn, 1996, Yongan, Fujian. Explanations: x 1 temperature, x 2 relative humidity, x 3 rainfall and x 4 T. bambusae (number per 10 leaf). The Y factors are average numbers of mites per 10 leaves: y 1 eggs, y 2 larvae, y 3 protonymphs, deutonymphs and adults, and y 4 all stages of S. nanjingensis, y 5 eggs, y 6 larvae, y 7 protonymphs, deutonymphs and adults, and y 8 all stages of A. corpuzae, and y 9 all stages of Ac. bambusae. 
Patterns during Autumn 1996
This was a small harvest year and thus there was no fallen leaves during this season. The densities of both spider mite species (y 4 and y 8 ) decreased rapidly towards the end of the season, whereas those of the eriophyid A. bambusae (y 9 ) increased (Table 1) . Temperature and relatively humidity both decreased with time, whereas rainfall and predatory mites both fluctuated during the period (Table 1) . Schizotetranychus nanjingensis. The relational degrees (r) between grey sequences of mite egg density and the four ecological factors were in the decreasing order of rainfall (x 3 =0.88) > predation (x 4 =0.81) > temperature (x 1 =0.38)> relative humidity (x 2 =0.37), indicating that rainfall and predation were two key factors influencing the dynamics of the eggs (Table 2 ). The relational degrees between grey sequences of mite larval density and the four ecological factors were in the order of relative humidity > rainfall > predation > temperature, indicating that relative humidity was the key factor influencing the dynamics of larvae of this species, whereas those between the density of post-larval stages (i.e. protonymphs, deutonymphs and adults) and ecological factors were in the order of predation > rainfall > temperature > relative humidity, indicating that predation and rainfall were key factors influencing the dynamics of post-larval stages of S. nanjingensis ( Table 2) . The pattern for all life stages combined was the same as that for eggs, indicating that the effects of rainfall and predation on the egg stage were critical for the population and they were key factors influencing the population dynamics of S. nanjingensis during this period (Table 2) . Aponychus corpuzae. Predation and rainfall were the key factors affecting the development of eggs in this species as revealed by the order of the relational degrees of the grey sequences of mite egg density and the four ecological factors: predation > rainfall > temperature > relative humidity (Table 3) . Similarly, the order of relational degrees in Table 3 reveals that temperature was the key factor influencing the dynamics of the larval and post-larval stages of this mite during this period. Overall, rainfall and predation were key factors influencing the population dynamics of A. corpuzae during this period (Table 3) and their effects on the eggs were critical for mite population development during this period.
Aculus bambusae. Relative humidity was slightly more important than the other three factors to the population dynamics of A. bambusae during this period (Table 4) . 
Patterns during Winter 1996
Temperature, rainfall and relative humidity fluctuated during this season (Table 5 ). Mite densities were low compared to the last season, except for A. bambusae. Schizotetranychus nanjingensis were increasing, whereas A. bambusae were decreasing (Table 5 ). The decrease in density of A. corpuzae started in Autumn continued in early winter but flattened near the end of the season (Table 5 ). Schizotetranychus nanjingensis. The relational degrees of the grey sequences between mite egg density and the four ecological factors were in the order of predation > temperature > relative humidity > rainfall ( Table 6 ), indicating that predation was the key factor for mite eggs. The pattern was the same for mite larvae. However, the key factors for post-larval stages were rainfall and relative humidity (Table 6) . Overall, relative humidity and temperature were key factors influencing the mite population dynamics and their effects on the post-larval stages were critical for the population development of this species. Aponychus corpuzae. Rainfall was more important than the other factors for the population development of this species during this season (Table 7) .
Aculus bambusae. Rainfall was also the key factor influencing the population dynamics of A. bambusae during this season (Table 8) .
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Patterns during Spring 1997
Temperatures increased with time, but rainfall and relative humidity fluctuated during the season (Table 9 ). Predatory mites rapidly increased to the highest density from mid-March to early April (Table  9 ). TABLE 9. Average population densities of mites per 10 leaves on the moso bamboo and four ecological factors in Spring, 1997 in Yongan, Fujian.
Schizotetranychus nanjingensis. Temperature and relative humidity were key factors influencing the population dynamics of this species during this Spring and patterns were consistent for egg, larval and postlarval stages (Table 10) .
Aponychus corpuzae. Relative humidity and temperature were more important than predation and rainfall to the population development of this species and the results are consistent for egg, larval and post-larval stages (Table 11) .
Aculus bambusae. Relative humidity and temperature were key factors influencing the population dynamics of this species (Table 12) . 
Patterns during Summer 1997
Temperatures continued to increase gradually and rainfall and relative humidity fluctuated during the summer (Table 13) . Predatory mites were in reasonable numbers in June and reached very high density in late July, but disappeared in August (Table 13) .
Schizotetranychus nanjingensis. Relative humidity and temperature were key factors influencing the population of this species (Table 14) . Aponychus corpuzae. Predation was the key factors influencing mite egg and larva densities, whereas temperature and rainfall were more important to the post-larval stages (Table 15) . Overall, predation was the key factor influencing the population dynamics of this species during this period and its effect on spider mite eggs and larvae was critical for the population development of this species. Aculus bambusae. Similarly, predation was also the key factor influencing the population dynamics of A. bambusae in Summer, 1997 (Table 16 ). 
Patterns during Autumn 1997
Temperature gradually decreased but the number of predators peaked in late October and then rapidly decreased (table 17) . Rainfall and relative humidity fluctuated during the season. The density of S. nanjingensis remained high in September-October but suddenly dropped to low levels in November. The density of A. corpuzae peaked in early November, whereas that of A. bambuzae fluctuated during the season (Table 17) . Schizotetranychus nanjingensis. Temperature was the key factor for eggs and post-larval stages, whereas rainfall was the key factor for the larval stage (Table 18 ). Overall, temperature was the key factor for this species during Autumn, 1997.
Aponychus corpuzae. Relative humidity was slightly more important than temperature and rainfall to the development of this species, whereas predation was the weakest factor among the four (Table 19 ). The pattern was consistent for the egg, larval and post-larval stages. Aculus bambusae. Relative humidity was more important than temperature and rainfall in influencing the population of this species in Autumn, 1997 (Table 20) . The role of predation was much weaker than the other three factors. 
Patterns during Winter 1997
Temperature, rainfall and relative humidity fluctuated during the season (Table 21) . Predatory mites were active in early December and Mid-January to early February (Table 21) . Schizotetranychus nanjingensis. Predation was the key factor for the egg and larval stages, whereas temperature was the key factor for the post-larval stages (Table 22) . Overall, temperature was the key factor for this species during Autumn, 1997 and its effects on the post-larval stages were critical for the population development.
Aponychus corpuzae. Predation was more important than other factors to the development of this species (Table 23 ). The pattern was consistent for the egg, larval and post-larval stages.
Aculus bambusae. Predation was also the key factor influencing the population development of this species (Table 24) . 
Patterns during Spring 1998
Temperature gradually increased from mid-teens to mid-twenties but rainfall and relative humidity fluctuated during the season (Table  25) . Predators were higher in density at the two ends than in the middle of the season. Schizotetranychus nanjingensis. Predation was the key factor influencing the population dynamics of this species (Table 26 ). The pattern was consistent for egg, larval and post-larval stages.
Aponychus corpuzae. Predation was more important than other factors to the development of this species and this pattern was true for egg, larval and post-larval stages (Table 27) . Aculus bambusae. Predation was also the key factor influencing the population development of this species (Table 28) .
It should be noted that the patterns during this season were the same as those in the last season. 
Patterns during Summer 1998
All four ecological factors fluctuated during the season (Table 29) . Predatory mites were nearly 10 times as many as the last season.
TABLE 29
Average population densities of mites per 10 leaves on the moso bamboo and four ecological factors in Summer, 1998 in Yongan, Fujian.
Schizotetranychus nanjingensis. Predation was the key factor influencing the population dynamics of this species in summer 1998 (Table  29 ). The pattern was consistent for egg, larval and post-larval stages.
Aponychus corpuzae. Temperature was more important than other factors to the development of this species and this pattern was true for egg, larval and post-larval stages (Table 27 ). Aculus bambusae. Predation was the key factor influencing the population development of this species (Table 28) .
It should be noted that predation was the key factor for both S. nanjingensis and A. bambusae for the last three seasons, all of the big harvest year. 
Patterns during Autumn 1998
Temperature gradually decreased from mid-twenties to 20 o C, whereas rainfall was less and relative humidity was low in the middle of the season (Table 33) . Predatory mites were more abundant in midSeptember than the rest of the season but were seven times less than last season. Schizotetranychus nanjingensis. Temperature was slightly more important than the other factors to the population development of this species (Table 34 ). This pattern was consistent for egg, larval and postlarval stages.
Aponychus corpuzae. Temperature was the key factor affecting the dynamics of the egg, larval and post-larval stages of this mite (Table  35) . Rainfall was the key factor influencing the population dynamics of this species (Table 35) . 
Discussion
In this study, we followed the population dynamics of S. nanjingensis, A. corpuzae and A. bambusae through a two-year cycle of bamboo growth and monitored four ecological factors. We showed that key factors affecting the population development of these mites displayed variation among different seasons of the same year and between the same season in different years. The latter observation is particularly important as our results showed that key factors for a species could be different for the same season in a big harvest year (e.g. Spring 1997) and small harvest year (e.g. Spring 1998). Thus, studies by Cai et al. (1999 Cai et al. ( , 2000 on the dynamics of S. nanjingensis and A. corpuzae for a single season in a single year is of limited value in understanding key factors influencing the population development of these mites. This study also showed variation in the relative importance of the four ecological factors to the population dynamics of the three species. Aponychus corpuzae and A. bambusae shared key factors between each other in more seasons (5 of 9) than did any of them with S. nanjingensis (1 of 9 each). Only in one season did all three species shared the key factor (predation in Spring 1998) or had completely different key factors (Autumn 1998). It is interesting to know that A. corpuzae and A. bambusae both live on the surface of the bamboo leave and they are therefore similarly more susceptible to predation, relative humidity or rainfall than S. nanjingensis, which lives in the shelter of the webnests. It is not surprising that predation, relative humidity or rainfall were key factors affecting the population development of A. corpuzae and A. bambusae and temperature was relatively not important (key factor for A. corpuzae in Summer 1998 only).
For S. nanjingensis and A. corpusae, we showed that the relative importance of the four ecological factors to mite population development showed variation among different life stages and the extent of this variation were different in different seasons. For example, in Winter 1997, the relative importance of the four factors were in the order predation > temperature > relative humidity > rainfall for the eggs and larvae of S. nanjingensis but in the order of temperature > predation > relative humidity > rainfall for the post-larval stages. In Spring 1998, however, the pattern was consistently predation > rainfall > relative humidity > temperature for the all stages of the same species.
